Antibodies to the staphylococcal antigens peptidoglycan, P-ribitol teichoic acid, and lipoteichoic acid, as well as to the peptidoglycan epitopes L-Lys-D-Ala-D-Ala, L-Lys-D-Ala, and pentaglycine, were found over a wide range of concentrations in sera from both blood donors and patients with verified or suspected staphylococcal infections. The patient group was heterogeneous with regard to both age and type of staphylococcal infections, being representative for sera sent to our laboratory. In single-antigen assays antibodies to pentaglycine had the highest predictive positive value (67%), although only 32% of the patients had elevated levels of such antibodies. Combinations of test antigens could yield positive predictive values as high as 100%, but then the fraction of positive sera was low. Indeed, the fraction of patient sera which was positive in multiple-antigen tests never exceeded 61%. The clinical usefulness of these seroassays for identifying Staphylococcus aureus as a causative agent was limited, owing to the considerable overlap in the range of antibody concentrations between patient and blood donor sera.
Serodiagnosis of serious Staphylococcus aureus infections has been reported to be successful for selected groups of patients (7) . A variety of staphylococcal antigens, including whole staphylococci (15) , crude cell wall material (5), peptidoglycan (PG) (4, 27, 32) , teichoic acid (27, 28, 33) , lipoteichoic acid (LTA) (32) , at-toxin (7, 27, 28) ,"-toxin (7) , nuclease (27) , and lipase (6) , have been used. In addition, a synthetic peptide corresponding to the PG epitope L-Lys-D-Ala-D-Ala has been used (10, 35) .
In this study we used the cell wall antigens PG,"-ribitol teichoic acid (P-RTA), and LTA. The chemical structure and immunological properties of these antigens are well documented (8, 17, 18, 23, 25) ; neither is exclusive for staphylococci.
Bacterial PG, present in most bacteria, is composed of sugar chains with tri-, tetra-, or pentapeptides covalently linked to the sugar chains. These sugar-peptide chains are interlinked by short peptide bridges or directly through a diamino acid. The interpeptide bridge in S. aureus PG consists of five glycine residues and is considered to be specific for staphylococcal PG. Both the NH2 and COOH termini of the peptide bridge can bind antibodies (13, 22, 24, 26) .
Bacterial wall teichoic acids are polymers possessing phosphodiester polyols with or without sugar residues, occasionally also with D-alanine ester residues. The teichoic acid from S. aureus contains ribitol with N-acetylglucosaminyl residues (3). Membrane LTAs consist of a glycerol teichoic acid linked at one end to a glycolipid. Staphylococcal LTA, like most others, is variously substituted with D-alanine ester residues and mono-or oligosaccharides (9) . The cell wall and mem-brane teichoic acids are believed to be present in many gram-positive bacteria (30) .
In this study we analyzed sera from blood donors and from a heterogeneous group of patients with verified or suspected staphylococcal infections for antibodies to purified and chemically characterized PG, f-RTA, and LTA and to the synthetic PG epitopes L-Lys-D-Ala-D-Ala, L-Lys-D-Ala, and pentaglycine (Gly.).
MATERIALS AND METHODS
Antigens. PG and LTA were purified from S. aureus Cowan 1 NCTC 8530 as described by Park and Hancock (21) and Aasjord et al. (2), respectively. P-RTA was isolated from S. aureus Wood 46 NCTC 10344 as described by Osland et al. (20) . The 16) , septicemia (n = 3), arthritis (n = 4), endocarditis (n = 2), and tissue infections (n = 6). Three of the patients had suspected staphylococcal infections like osteomyelitis (n = 2) and arthritis (n = 1). One patient had endocarditis caused by gram-negative bacteria, and another had streptococcal bursitis. The children with verified staphylococcal infections (n = 11) had osteomyelitis (n = 7), arthritis (n = 1), and tissue infections (n = 3). Three of the eight children with suspected staphylococcal infections had osteomyelitis. Two Figure 1 shows the results of tests of individual patient sera with the various staphylococcal antigens. Samples of sera from patients with verified bacterial infections were taken at the time of laboratory diagnosis. In the case of sera from patients with suspected, but later not verified, bacterial infections, samples were collected at the time of tentative clinical diagnosis. Sera from adult patients (Fig. 1A) were considered positive if the OD exceeded the mean OD of the blood donor sera plus one SD. Less than 50% of these samples were positive in any of the tests, the fractions of positives being 42% (PG), 39% (LLys-D-Ala-D-Ala), 32% (L-Lys-D-Ala and Gly5), 35% (LTA), and 29% (P-RTA). Sera from adult patients with verified nonstaphylococcal infections were generally negative. The exceptions were one patient with a gram-negative rod infection who was positive for antibodies to L-Lys-D-Ala and one patient with a beta-hemolytic streptococcus infection who was positive for antibodies to Gly5.
For all patients in this study at least two serum samples were available. Generally, no significant difference in antibody reactivity in serial samples could be detected. For example, 10 serum samples were collected from each of two patients with S. aureus osteomyelitis, the sampling periods being 2 years and 2 months, respectively. Neither of these serial samples showed any significant antibody fluctuations.
All sera from children contained antibodies reactive with the cell wall antigens and the PG epitopes (Fig. 1B) , but antibody values were generally lower than in adults. Of the 26 children, 7 were 2 years old or younger, and sera from them contained low levels of IgG against the cell wall antigens and the Gly5 epitope Immunoglobulin concentrations in serum. All blood donors had serum immunoglobulin concentrations (IgG, IgA, and IgM) within the normal range. One adult patient with a verified staphylococcal infection had below-normal concentrations of IgG and IgA. On the other hand, 26, 52, and 32% had elevated concentrations of IgG, IgA, and IgM, respectively. Two of the children (8%) had low IgG concentrations, but none had low concentrations of IgM or IgA. Of 17 children with verified or suspected staphylococcal infections, 35% (n = 6), 53% (n = 9), and 53% (n = 9) had elevated concentrations of IgG, IgA, and IgM, respectively. All of the seven children less than 2 years old had elevated concentrations of IgM antibodies, and one of them also had elevated levels of IgG and IgA antibodies.
Differences between antibody levels. Analyses of differences between levels of antibodies to the various antigens in sera from adult patients and blood donors were done. Significant differences were found for PG (P < 0.001), L-Lys-D-Ala (P < 0.001), L-Lys-D-Ala-D-Ala (P < 0.01), and Gly5 (P < 0.05) but not for P-RTA and LTA antibody levels.
Correlation coefficients. Positive correlations with r values ranging from 0.484 to 0.976, were found between antibodies to the various antigens in sera from adult patients ( Table 2) .
Sera from blood donors showed a significant correlation (P 0.001) between antibodies to PG and LTA and also between antibodies to the three PG epitopes. Generally, all r values were higher in the patient group, the exception being comparisons between peptide epitopes, for which r values approached 1 in both groups.
We analyzed the correlation of total serum IgG with levels of antibodies to the various antigens. These analyses ( fractions of positives. Three relevant correlation plots of antibody values are presented in Fig. 2 . PG was the best antigen used alone or in combination with its L-Lys-DAla-D-Ala epitope: the fraction of positives increased from 42 to 55%. Slightly lower percentages were found for ,-RTA or LTA in combination with PG. However, such antigen combinations resulted in high percentages of positives for the blood donor control group as well. Of 31 adult patients, 12 (8 with osteomyelitis, 3 with tissue infections, and 1 with septicemia) had levels of antibodies to all antigens in the normal range. When three antigens, e.g., PG, L-Lys-DAla-D-Ala, and ,B-RTA, were combined, the maximum fraction of positives (61%) was obtained, but 37% of the blood donors were positive as well. 
DISCUSSION
The purpose of this study was to investigate the prevalence of antibodies to the well-characterized staphylococcal cell wall antigens PG, P-RTA, and LTA and to the PG peptide epitopes in sera from blood donors and patients with staphylococcal infections. The patient group was heterogeneous with regard to both age and type of staphylococcal infections. This heterogeneity illustrates one of the problems in staphylococcal serology, as the antibody response varies with both the age and the type of infection. Another problem has been to identify test antigens which are specific for staphylococci. In this respect it would be of particular interest to study the presence of antibodies to the staphylococcus-specific epitope Glys located in PG.
The cell wall antigens used in this study have previously been characterized in our laboratory (1, 12, 31) . The synthetic peptides corresponding to the PG epitopes have all previously been shown to bind anti-PG antibodies (13, 31) .
Our findings of a wide range of levels of normally occurring antibodies to PG, LTA, and ,-RTA in all blood donor sera (Table 1 ) are in agreement with earlier findings (16, 29, 32) . Others have found that such sera also contain various amounts of antibodies to the C-terminal L-Lys-D-Ala-D-Ala (10) . This was also the case in this study for both patient and blood donor sera with regard to antibodies to all three PG epitopes. The levels of antibodies to the staphylococcusspecific epitope Gly5 were lower than those of antibodies to both L-Lys-D-Ala-D-Ala and L-Lys-D-Ala (Fig. 1A) , confirming our previous findings (31) .
By our criteria less than 50% of 31 adult patients were seropositive for any of the test antigens, probably because of the low number of septicemia (n = 3) and endocarditis (n = 2) cases in our study group. In such cases of staphylococcal infections the highest levels of antibodies have been found for PG (4), P-RTA (33) , and LTA (32) .
The cutoff level between positive and negative antibody values in child sera could not be determined, owing to difficulty in obtaining age-matched controls. Earlier studies, however, showed that normal levels of antibodies to both PG (29) and P-RTA (16) (11, 29, 33) . Consequently, we investigated the IgG response in an ELISA. The low antibody reactivity with the staphylococcal antigens found in many of the patient sera could not be attributed to low production of IgG in general, since only one of the adult patients and two of the children had below-normal levels of IgG.
Among the 26 serum specimens from children under the age of 14, 7 were from patients that did not have staphylococcal infections. None of our test antigens allowed us to discriminate between the staphylococcal and nonstaphylococcal infection groups (Fig. 1B) (4, 27, 28) and P-RTA (27, 28) in sera from patients with serious staphylococcal infections. The differences between our data and the results of others could be the result of different times of serum sampling and the fact that the patient group in our study was heterogeneous. One may also speculate whether so-called "acute-phase" and "convalescent-phase" sera are relevant terms in serology involving a bacterial species so frequently belonging to the resident flora.
Patients with osteomyelitis do not usually have high levels of antibodies to staphylococcal cell wall antigens. A recent study (14) showed that such patients more frequently had antibodies to P-RTA than to PG. This was also the case in our study, although the fractions of positives for both antigens were low, 38 and 19%, respectively.
The positive correlations (Table 2) found between antibodies to PG and LTA and between antibodies to PG and ,-RTA are in accordance with earlier findings (29, 32) . These three cell wall antigens are all immunogenic and are present in considerable amounts on the bacterial surface. The observed covariation in antibody response was therefore as expected. The positive correlation observed between antibodies to LTA and 1-RTA and between these and antibodies to the alanine-containing PG epitopes could also partly be the result of cross-reactive antibodies. The correlation between antibodies to PG and its peptide epitopes was statistically significant (P < 0.01), although none of the correlation coefficients were higher than 0.579. The reason might be that when whole PG is used as an antigen, antibodies reactive with the carbohydrate determinants are also detected (34) .
The findings of significant differences between means of levels of antibodies to PG and its peptide epitopes in sera from adult patients and blood donors indicated that these antigens could be used for serodiagnostic purposes. However, the coefficients of variation (Table 1) ranged from 37 to 55%, indicating that the two main groups of sera could not be easily separated. The fraction of seropositive patients, which was low for each antigen used alone ('42%), increased when two (55%) or three (61%) antigens were combined. A similar increase was observed for the blood donor sera in multipleantigen assays. Consequently, the predictive values for these staphylococcal antibodies were too low to be of diagnostic value 
